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The importance of leaf anatomical characters in the taxonomy of Ugandan Festuca species was investigated. In particular, leaf cross sections
were studied for variation in disposition of the sclerenchyma tissue to determine whether this is as taxonomically useful as is implied in much of
the literature. Also the leaf epidermis was investigated for the presence of diagnostic features. A lot of variation in disposition of sclerenchyma
tissue was found in F. abyssinica, which did not support the recognition of F. elgonensis and F. richardii as good species, yet they were described
mainly based on leaf anatomy. The ring of sclerenchyma in F. pilgeri and the presence of papillae on the epidermis of F. claytonii supported them
to be good species. The presence of silica bodies on the epidermis of Ugandan species of Festuca was investigated for the first time and is
confirmed using energy dispersive X-ray analysis. In conclusion, leaf anatomy should be used together with other non-anatomical characters
before recognizing species.
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Leaf anatomy as seen in cross section has been used in the
taxonomy of Festuca since 1882 (Aiken and Consaul, 1995). In
particular, the disposition of sclerenchyma tissue in relation to
the vascular bundles has been of key interest, although other
characters such as the number of vascular bundles, presence of
bulliform cells, and the number of ribs in the adaxial surface are
also used (Metcalfe, 1960; Ellis, 1976; Markgraf-Dannenberg,
1980; Clayton and Renvoize, 1986). Its application has been
mainly to streamline the taxonomy of the narrow-leaved (fine-
leaved) fescues, which are often morphologically very similar.
The anatomy of some broad-leaved species has also been
studied (Winter, 1951; Metcalfe, 1960), although they are
taxonomically less difficult. The arctic and temperate fescues
have been widely investigated and a large number of narrow-
leaved species have been described, many characterized only by
minor anatomical characters. For example in “Flora Europaea”⁎ Corresponding author.
E-mail address: kare.lye@umb.no (K.A. Lye).
0254-6299/$ - see front matter © 2008 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2008.07.004(Markgraf-Dannenberg, 1980) 151 of the 170 species described
are in part recognized by characters of the sclerenchyma tissue.
But such characters vary a lot in different leaves and different
parts of the leaves, and are strongly influenced by environ-
mental conditions (Metcalfe, 1960; Kjellqvist, 1961; Aiken and
Darbyshire, 1985; Dube and Morisset, 1987; Aiken and
Consaul, 1995; Ramesar-Fortner et al., 1995).
In East Africa the genus Festuca was revised by Clayton
(1970), who recognized five species with acicular, involute or
filiform leaf blades. Mainly based on anatomical characters of
the leaves in cross section, Alexeev (1986, 1987) described
seven new narrow-leaved species from tropical and South
Africa, of which three occur in Uganda (i.e. F. claytonii, F.
elgonensis and F. richardii). Alexeev (1986, 1987) also
upgraded some subspecies and varieties to full species, thus
increasing the number of tropical African narrow-leaved Fes-
tuca by another five species, making the total number seventeen.
The leaf anatomy of the epidermis as seen in surface view is
also taxonomically valuable in grasses (Metcalfe, 1960; Ellis,
1979; Palmer and Tucker, 1981). Structures like stomata,
papillae, hairs, silica bodies, intercostal long and short cells arets reserved.
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(1981) shapes and distribution of silica bodies are very
important for taxonomic purposes. They are distinct structures,
generally of constant shape and predictable pattern (Ellis,
1979). However, Reimer and Cota-Sánchez (2007) did not find
silica bodies informative in the subfamily Danthonioideae.
Prychid et al. (2004) report the presence/absence of silica bodies
to correlate with phylogeny in the monocotyledons; silica
bodies being absent in the basal monocots. In the tribe Poaeae
silica bodies are rounded or oblong (Markgraf-Dannenberg,
1980), and they are round to elliptical or slightly crescent-
shaped over the veins in Festuca (Metcalfe, 1960).
Morphology and genetic relationships of the Ugandan
species of Festuca s.lat. were studied by Namaganda et al.
(2006, 2007) and Namaganda and Lye (2008). In this study we
investigate some leaf anatomical differences between the speciesFig. 1. Leaf cross sections of narrow-leaved Ugandan species of Festuca. (A–C) F
Namaganda 1581 (C); D: F. richardii from Namaganda 1569; E: F. claytonii from
Namaganda 1590. Scale bars ca. 0.1 mm.of Festuca in Uganda in order to establish which anatomical
characters are useful taxonomically. The presence of silica in
tropical African fescues is here investigated for the first time.
2. Methods
2.1. Leaf cross sections
Sampling strategy was aimed at capturing variation within
the species investigated by picking sample leaves from several
populations along different altitudes covering the distribution
range of each species. Leaves from up to three separate plants
were collected from each population. In total 90 sections were
made represented as follows: 34 plants in 24 populations for F.
abyssinica, 18 plants in 9 populations for F. richardii, 4 plants
in 2 populations for F. claytonii, 6 plants in 2 populations for F.. abyssinica from Namaganda 1593 (A), from Namaganda 1576 (B), and from
Namaganda 1575; F: F. pilgeri from Namaganda 1572; G: F. chodatiana from
Fig. 2. Leaf cross sections of broad-leaved Ugandan species of Festuca. A: F. simensis from Namaganda 1710; B: F. africana from Namaganda 1688. Scale bars
0.1 mm (=100 μm).
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in 5 populations for F. simensis, and 2 plants in 2 populations
for F. africana.
Two mature leaves were picked from each plant and the
middle portions of which were fixed in 75% ethanol for 7–
14 days. The samples were then embedded in wax before
sectioning to 5 μm thick using a microtome dissector. TheFig. 3. Energy dispersive X-ray analysis of the leaf surface of F. pilgeri showing the io
(Spectrum 9). Scale bar on photograph to the left 0.1 mm (=100 μm).sections were dewaxed using two changes of xylene, and then
rehydrated using descending grades of alcohol (up to 70%) and
finally water. The sections were stained with safranin (1%) for
5 min, and briefly dehydrated in ascending grades of alcohol.
The alcohol was washed off (2 washes) in xylene before
mounting using DPX mountant. The permanent slides are kept
by the first author and can be availed on request.n content of the lamina (Spectrum 1), silica body (Spectrum 6) and tip of prickle
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Pieces of leaves corresponding to the middle part of mature
leaves from both live and herbarium specimens were mounted
on studs and studied by energy dispersive X-ray analysis
(EDXA) before coating them with platinum and palladium. The
EDXAwas done in order to view areas of high atomic number,
specifically silica, on the leaf surfaces and estimate the ion
content in these areas. The metallic coating of platinum and
palladium was aimed to help in studying the fine structure of the
leaf surfaces. Leaves from four different plants were investi-
gated for each species.
3. Results
3.1. Leaf cross sections
Fig. 1A, B and C shows the variation found in the leaf
sections of F. abyssinica. The characteristic feature of the type of
variation represented in Fig. 1A is that sclerenchyma tissue in the
sections is located both below the vascular bundles (abaxial) and
on the ribs above the vascular bundles (adaxial). This is the most
common arrangement of sclerenchyma tissue in F. abyssinicaFig. 4. Scanning electron microscopy images of leaf surfaces of narrow-leaved Uga
from Namaganda 1367b; C: F. pilgeri from Namaganda 1675; D: F. chodatiana froand is represented in several variations: the sections are mainly
symmetrical with 7 vascular bundles, but asymmetrical forms
with six vascular bundles were also found; the abaxial
sclerenchyma tissue sometimes touches the vascular bundles,
and some or all the rib tops may be capped with sclerenchyma
tissue. In the second type (Fig. 1B), the sections are symmetrical
with 7 vascular bundles and abaxial sclerenchyma only. The
third type (Fig. 1C) is similar to Fig. 1B in lacking sclerenchyma
on the rib tops but this type is characterized by sections having 5
vascular bundles, with the abaxial sclerenchyma sometimes
touching the vascular bundles. This type of arrangement
(Fig. 1C) is more common than that in Fig. 1B.
In F. richardii (Fig. 1D) all sections had 5 vascular bundles
with abaxial sclerenchyma but with none on the rib tops. In all
the sections investigated for this species only one was found
with a vascular bundle that touched the adjacent sclerenchyma
tissue. This type of arrangement (Fig. 1D) is the same as that in
F. abyssinica, represented in Fig. 1C.
In F. claytonii (Fig. 1E) the arrangement is like that in F.
richardii: 5 vascular bundles with abaxial sclerenchyma, but
none on the rib tops. Of the narrow-leaved species F. pilgeri
(Fig. 1F) was unique in having an almost continuous ring of
sclerenchyma on the abaxial side of the leaf section. The leaf inndan species of Festuca. A: F. richardii from Namaganda 1359; B: F. claytonii
m Namaganda 1567b. Scale bars 20 μm.
Fig. 6. Silica bodies. A: Crescent-shaped silica body in Festuca richardii from
Mt. Elgon (Namaganda 1571) showing the silica body pushing through the
cuticula. B: Linear silica body on a vein in the leaf of F. simensis from Mt.
Muhavura, Virunga volcanoes (Namaganda 1698). Scale bars 1 μm (A) and
2 μm (B).
Fig. 5. Scanning electron microscopy images of leaf surfaces of broad-leaved
Ugandan species of Festuca. A: F. simensis from Namaganda 1698; B: F.
africana from Namaganda 1688. Scale bars 20 μm (A) and 100 μm (B).
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sclerenchyma capping the rib tops. However, the sclerenchyma
ring may be more frequently broken than the one presented in
the Fig. 1F.
F. chodatiana (Fig. 1G) has 7–11 vascular bundles, the wider
leaves having all the three orders: first, second and third as
described in Ellis (1976). Sclerenchyma tissue is present on
both abaxial and adaxial sides of the leaf blades, and may touch
the vascular bundles abaxially, adaxially or both ways
regardless of the order of the vascular bundle. The other
narrow-leaved species described above only have the first and
second orders of vascular bundles.
The section of F. simensis, a broad-leaved species, is shown
in Fig. 2A. Sclerenchyma tissue is present on both abaxial and
adaxial sides, and it touches the first order vascular bundles both
abaxially and adaxially. The number of vascular bundles varies
from 13 to 18. The adaxial surface is deeply furrowed, hence the
ribs appearing prominent.
The second broad-leaved species, F. africana, has sections
similar to those of F. simensis, but the difference is that the
adaxial surface in F. africana is not deeply furrowed, hence
showing slightly protruding ribs (Fig. 2B). Vascular bundles
vary from 13 to 50 (additional counts were made on herbarium
specimens because it was not very successful to make complete
sections with such wide leaves).3.2. Scanning electron microscopy (SEM)
SEM studies of the abaxial side of narrow-leaved Ugandan
Festuca species revealed the presence of crescent-shaped,
semicircular, round and linear silica bodies (Figs. 3–6). The
presence of silica was confirmed by EDXA, which gave high
ion content for silicon on the silica bodies (Fig. 3, Spectrum 6)
and the tips of the prickles (Fig. 3, Spectrum 9), whereas other
parts of the leaf had high content of chloride, potassium and
carbon (Fig. 3, Spectrum 1).
In the same leaf in the narrow-leaved species, shapes of the
silica bodies vary from crescent-shaped to semicircular or rarely
round (Fig. 4). From this point onwards we shall refer to all
crescent-shaped, semicircular, and round silica bodies as
‘crescent-shaped’ because this is the most abundant shape of
silica bodies, and there is no observable pattern in distribution
of the three different shapes. The narrow-leaved species also
have linear silica bodies. The linear silica bodies as well as some
crescent-shaped ones are arranged longitudinally along the
veins, whereas the crescent-shaped silica bodies are mainly
transversely placed across the rows of cells, separating adjacent
cells in the intercostal region. The broad-leaved species have
only the linear silica bodies arranged longitudinally along the
veins (Fig. 5). Figs. 6A and B show the crescent-shaped and
linear silica bodies respectively. We observed that the crescent-
shaped silica bodies readily fall out of the leaf surfaces leaving
small crescent-shaped or oval depressions, and linear depres-
sions when linear silica bodies fall out.
Table 1
Approximate length and width (in μm) and density of crescent shaped silica
bodies (in the narrow-leaved species) and linear silica bodies (in the broad-
leaved F. simensis and F. africana)
Species Length Width Density
F. abyssinica A. Rich. 10–15 5–12 300–350 per mm2
F. richardii Alexeev 10–15 8–12 200–250 per mm2
F. elgonensis Alexeev 8–12 8–10 350–450 per mm2
F. claytonii Alexeev 10 10 60–80 per mm2
F. pilgeri St. Yves 10–15 9–12 500–600 per mm2
F. chodatiana (St. Yves) Alexeev 10 8 200 per mm2
F. simensis A. Rich 20–40 5 10 per mm of vein
F. africana (Hack.) Clayton 20–40 8–12 1–5 per mm of vein
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in the different species. In the narrow-leaved species (F.
abyssinica, F. elgonensis, F. chodatiana, F. claytonii, F. pilgeri
and F. richardii) the crescent-shaped silica bodies are about the
same size, i.e. 8–15 μm long and 5–12 μmwide. F. claytonii has
the lowest density of silica bodies, whereas F. pilgeri has the
highest. Fig. 4A shows the surface of F. richardii, which is
similar to that of F. abyssinica and F. elgonensis but with
different densities of silica bodies, F. abyssinica has a higher
density and F. elgonensis the highest (Table 1). F. claytonii (Fig.
4B) is unique in having dense papillae on the abaxial surface, F.
pilgeri (Fig. 4C) is unique with its dense prickles, whereas F.
chodatiana (Fig. 4D) has the most strongly sinuose cell walls.
Silica bodies in the broad-leaved species are of the same
length (ca. 20–40 μm) but are wider in F. africana and denser in
F. simensis (Table 1). They are linear to rectangular in shape,
strongly sinuose in F. simensis (Fig. 5A) and slightly sinuose in
F. africana (Fig. 5B).
4. Discussion
4.1. Leaf cross sections of the narrow-leaved species
Leaf anatomy in cross section does not distinguish between
the three species F. abyssinica, F. richardii and F. elgonensis,
and this is in agreement with DNA analysis (Namaganda et al.,
2006) as well as morphology (Namaganda et al., 2007). The leaf
sections in F. abyssinica are variable, broadly grouped into
three main types: type 1, with seven vascular bundles and
sclerenchyma both above and below the vascular bundles; type
2, with six or seven vascular bundles and sclerenchyma only
below the vascular bundles; and type 3, similar to type 2 but
with five vascular bundles. Type 3 is essentially the same as the
sections of F. richardii according to this study. According to
Alexeev (1987) F. elgonensis has the type 3 arrangement, but
leaf sections for this species were not analysed in this study.
F. richardii, described from Ethiopia, was prior to 1986
classified as F. abyssinica, but according to Alexeev (1986,
1987) said to differ from F. abyssinica in its slightly different
leaf anatomy. Phillips (1995) accepted this species for “Flora of
Ethiopia and Eritrea”, but noted that it is a high mountain
segregate from the F. abyssinica complex. Her leaf sections for
F. richardii have sclerenchyma only below the vascular
bundles, whereas Alexeev's (1986, 1987) presentations havesclerenchyma both below and above the vascular bundles. Both
Phillips' and Alexeev's sections have seven vascular bundles.
We found the Ugandan leaf sections of F. richardii to have five
vascular bundles, but like the Ethiopian species, they have stiff
and more scabrid leaves compared to the typical forms of F.
abyssinica, purple-tinged spikelets and dense tussocks. We
found no relationship in leaf anatomy characteristics with
altitude, but other ecological factors may possibly contribute to
this observed variation and should therefore be investigated. In
our opinion F. richardii is a synonym for F. abyssinica, and
should thus not be accepted as a taxon at any level.
Similarly, F. elgonensis should also not be accepted as a taxon
at any level. The leaf anatomy presented by Alexeev (1987) is not
good enough to support its species status because we found the
same forms of variation in the F. abyssinica that we investigated.
F. elgonensiswas described fromUganda byAlexeev (1987), and
was previously classified as F. abyssinica. Alexeev used the
number of vascular bundles and size of sclerenchyma tissue to
distinguish F. elgonensis, i.e. F. elgonensis should have five or
seven vascular bundles and if with seven, then the leaf blade is
stiff and upright, and has broad sclerenchyma tissue, whereas F.
abyssinica (and F. richardii) should as a rule have seven vascular
bundles, with relatively soft and almost nodding leaf blades and
narrow sclerenchyma tissue. Alexeev's F. elgonensis fully
intergrades with F. abyssinica in terms of number of vascular
bundles and stiffness of leaf blades, and furthermore, the size of
sclerenchyma tissue is environmentally plastic (Kjellqvist, 1961).
Also neither morphology nor DNA (Namaganda et al., 2007)
supports the distinction of F. elgonensis as a species.
Sections of F. claytonii are of the type 3 described above.
This is in agreement with Alexeev (1986). However, F.
claytonii cannot be confused with the F. abyssinica complex
because resemblance is only by the anatomy of the leaf cross
sections. Otherwise differences are supported by DNA
(Namaganda et al., 2006), morphology (Namaganda et al.,
2007) and anatomy of the leaf epidermis (see next section).
Although some authors caution the use of characters of leaf
cross sections in the taxonomy of Festuca because of their
environmentally plastic nature (Kjellqvist, 1961; Dube and
Morisset, 1987; Ramesar-Fortner et al., 1995), Ellis (1976)
suggested that when used together with a wide spectrum of
other diagnostic characters, anatomical details are essential for a
satisfactory treatment of grass taxonomy.
F. chodatiana, another distinct species, has sections that are
wider than all those described above. Its sections are
characterized by the presence of 7–11 vascular bundles of
first to third order. Since this species has flat leaves, about 1.1–
2.4 mm wide, it is not usually confused with any of the other
narrow-leaved species of Festuca.
The round leaf sections with an almost continuous ring of
sclerenchyma give F. pilgeri a unique appearance different from
all the other narrow-leaved Ugandan Festuca. The leaf sections
alone very well differentiate F. pilgeri from the other species.
The continuous ring of sclerenchyma gives mechanical support
to the long leaves (11.5–44.5 cm long) of F. pilgeri making
them stiff and hard, and this is possibly an adaptation against
herbivory.
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Crescent-shaped, semicircular, round and linear silica bodies
in Poaeae and Festuca have already been described from
northern temperate regions (Metcalfe, 1960; Markgraf-Dannen-
berg, 1980). In Africa anatomy of the leaf epidermis separates
the narrow-leaved fescues from the broad-leaved species: silica
bodies in the narrow-leaved species are crescent-shaped to
round and linear, whereas broad-leaved species have only the
linear type. F. abyssinica, F. richardii and F. elgonensis have
the same types of silica bodies as well as arrangement, but with
differences in density of the silica bodies. The highest density is
in F. elgonensis, the lowest in F. richardii with F. abyssinica in
the intermediate position. F. elgonensis and F. richardii appear
to be extreme forms of the highly variable F. abyssinica. These
species do not have papillae and their prickles are only found
along the veins. Prickle density was very low for the three
species.
F. claytonii and F. pilgeri were found to be closely related
but distinct via DNA analysis and morphology (Namaganda
et al., 2006, 2007), while leaf anatomy has revealed them to be
very different. F. claytonii has no prickles but is instead densely
covered with papillae, whereas F. pilgeri is densely covered
with prickles (densest in all the species investigated) and has no
papillae. Also the density of silica bodies is very low in F.
claytonii (60–80 per mm2) compared to F. pilgeri with a density
of 500–600 per mm2. Leaf anatomy therefore confirms the
distinction between F. claytonii and F. pilgeri.
F. chodatiana is similar to the F. abyssinica group in
anatomy of the leaf epidermis but with two main differences: F.
chodatiana has more prominent sinuous cell walls and has hairs
instead of prickles on the abaxial surface. Otherwise shape, size
and density of silica bodies are comparable. The form and
position of silica bodies is possibly genetically controlled
because it is not greatly influenced by environmental factors
(Prychid et al., 2004) and is constant within and characteristic to
groups of species at higher level taxa (Metcalfe, 1960).
However, their size could be environmentally controlled by
conditions like pH of soil and availability of silica (Ellis, 1979).
Therefore the presence/absence and shape of silica bodies can
be reliably used as taxonomic characters. We confirm the
existence of inverted cone-shaped (three dimensional) inter-
costal silica bodies (Ellis, 1979) as is shown in Fig. 6A.
4.3. Anatomy of the broad-leaved species
Leaf anatomy as seen in cross section shows some dif-
ferences between the two Ugandan broad-leaved Festuca. F.
africana with its very wide leaves possesses up to 50 vascular
bundles, and it has very shallow furrows on the adaxial surface;
they appear only as gentle undulations (see also Winter, 1951),
whereas F. simensis has up to only 13 vascular bundles and
has a deeply furrowed adaxial surface. The disposition of
sclerenchyma tissue does not seem to be of much taxonomic
value as there are no differences between the two species
investigated, i.e. sclerenchyma subtends almost all vascular
bundles on both surfaces. However, the importance of thedisposition of sclerenchyma is only emphasised for the narrow-
leaved species (Metcalfe, 1960; Clayton and Renvoize, 1986;
Phillips, 1995).
Silica bodies on the abaxial leaf epidermis give us another
character, in addition to leaf size, that distinguishes between the
broad-leaved and narrow-leaved Festuca. The broad-leaved
species only have linear silica bodies arranged longitudinally
along the veins, whereas the narrow-leaved species have
crescent-shaped silica bodies arranged transversely on the
veins and between the veins. We also found linear silica bodies
on the adaxial epidermis in the broad-leaved Festuca, but this
surface was difficult to investigate in the narrow-leaved species.
The density of silica bodies was higher in F. simensis than in F.
africana.
5. Conclusion
In Uganda only one out of three Alexeevian species of
Festuca (described mainly based on anatomical characteristics)
were found to be of any taxonomic value. Therefore we should
be very critical in accepting species merely or mainly defined on
anatomical characters concerning number, shape and position of
sclerenchyma tissue. We believe the number of fine-leaved
species of Festuca should be drastically reduced also in other
parts of the world. Interestingly, for F. claytonii (the only valid
Alexeevian species), a new microanatomical character was
discovered to have good descriptive value towards all the other
species. But F. elgonensis and F. richardii should be sunk back
into F. abyssinica.
The reason for this lack of taxonomic value in certain
anatomical characters is their enormous variation (not
accounted for by taxonomists investigating a restricted number
of leaves from a restricted number of specimens), and their
being so strongly influenced by environmental conditions as is
already documented by Kjellqvist (1961) and others.
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